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ABSTRACT
It was planned to develop a multifunctional composite of CNTs for this we grow the CNTs on carbon fibre cloth by CVD method. These CNT grown carbon fiber cloth were used as re-inforcement in epoxy resin matrix to develop hybrid CF-CNT composite.

The growth morphology and the other characteristics of the as grown CNTs were analysed by SEM, TEM, FTIR, TGA, and XRD which confirmed the nature of these tubes as multiwalled and the wall diameter ranging from 10 to 60 nm.

The flexural strength (FS), modulus of the composite and hardness shown remarkable improvement. 

Thermal conductivity both in the CF direction and transverse direction shown good result. The thermal conductivity in transverse direction show about 10 times increment over thermal conductivity shown in CF direction.

Chapter-1
OBJECTIVES OF THE PROJECT
1. Synthesis of Carbon nanotubes (CNTs) by chemical vapour deposition (CVD) method.

2. Growth of CNTs on Carbon Fiber Cloth by CVD Method.

3. Characterisation of CNTs and as grown CNTs on Carbon Fiber Cloth by Scanning electron Microscopy, Transmission Electron Microscopy and XRD. 

4. Investigation of Mechanical, Thermal and Electrical properties of CNTs grown carbon fiber cloth reinforced epoxy composites.
Chapter-2
INTRODUCTION
2.1 Introduction 


Carbon nanotubes are the most exciting new materials to have been discovered in the past 30 years1. They are remarkable properties have attracted intense interest from the Scientific Community, as well as from industry.


The formation of cabon nanotubes could be traced back to the discovery of the fullerene. Structure C60 (Buckyball) in 19852. The structure of the buckyball comprises of 60 carbon atoms arranged by 20 hexagonal and 12 pentagonal faces to formed a sphere when the buckyball is elongated to form a long and narrow tubes will a diameter of approximately 1nm (10 Å) which is basic form of a carbon nanotube.

The explosion of interest in carbon nanotubes can be traced back to a 1991 nature paper by Sumio Iijima3. 


Iijima was using high resolution transmission electron microscopy (HRTEM) to examine carbon produced by the arc evaporation of graphite in an atmosphere of helium. It was while studying the hard deposited which formed on the graphite cathode following arc evaporation that Iijima made his discovery. The central part of deposited contained large numbers of tiny tubules of graphitic carbon, consisting of concentric graphene cylinders, typically about 10 nm in diameter, with fullerene like end-caps. 

In subsequent work, two groups showed that single walled nanotube could be produced in similar apparatus in which one or both electrodes contained cobalt, Nickel, or some other metal4,5.  These single walled tubes generally have smaller diameter than the multiwalled nanotubes (Typically of the order of 1 -2 nm dia). 

It was shown in 1996 that single walled nanotubes, like multiwalled nanotubes can be produced catalytically6.

There is now abundant experimental evidence of the outstanding properties of carbon nanotubes. Their stiffness and strength are phenomenal. Measurements using in situ transmission electron microscopy (TEM), and atomic force microscopy (AFM) have produced estimates for the Young’s modulus of the order of 1 TPa.7,8. For comparison, the stiffest conventional carbon fibres have Young's moduli of approximately 800 GPa, while glass fibres typically have moduli of about 70 GPa. Direct measurements on individual nanotubes using atomic force microscopy have shown that they can accommodate extreme deformations without fractureing9, they also have the extraordinary capability of returning to their original, straight, structure following deformation. In addition, carbon nanotubes are excellent electrical conductors,10 with current densities of up to 1011 A m-2, and have very high thermal conductivities.11

Many of these outstanding properties can be best exploited by incorporating the nanotubes into some form of matrix, and the preparation of nanotube containing composite materials is now a rapidly growing subject.12,13. In many cases, these composites have employed polymer matrices, but there is also interest in other matrix materials, such as ceramics and metals. 

2.2 Structure of carbon nanotubes 

There are varieties of structures of carbon nanotubes, and these various structures have different properties. Two variations of carbon nanotubes exist that contrast in general appearance, structure and degree of graphitization.

(1) Single-Walled nanotubes (SWNTs) (fig. 1)

(2) Multi-Walled nanotubes (MWNTs) (fig. 2)
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Fig. 1 A graphene layer folded into the single walled carbon nanotube
[image: image3.png]SWONT MWCNT

Figure 2.1 Structure of single wall carbon nanotube and Multiwalled carbon
Nanotubes




Fig. 2: Multiwalled carbon nanotubes

A graphitic multi-walled carbon nanotube, which are the first type were discovered in 1991 3,14, and single-walled carbon nanotubes15 were discovered in 1993. The former may be considered to be single-crystal nanosized ideal graphite fibers; the latter are true elongated Fullerene tubes.
A nanotube can be formed when a graphite sheet is rolled up about the axis T. The Ch vector is called the circumferential vector and it is at right angles to T (figure 3). Three types of possible nanotube structures are obtained by rolling the graphite sheet about the T vector (figure 4):
(a) Arm chair structure (T is perpendicular to C-C bond)

(b) Zigzag (T is not perpendicular to C-C bond)

(c) Chiral structure (T is not perpendicular to C-C bond)

SWNT consists of two separate regions with different physical and chemical properties. The first is the sidewall of the tube and the second is the end cap of the tube. The end cap structure is similar to or derived from a smaller fullerene such as C60 . Carbon atoms placed in hexagons and pentagons form the end cap structures. The smallest stable structure that can be made this way is C60 the one just larger is C70 and so on. Another property is that all fullerenes are composed of an even number of Carbon atoms because adding one hexagon to an existing structure means adding two Carbon atoms16. The other structure of which a SWNT composed is cylinder. It is generated when a graphene sheet of a certain size that is wrapped in a certain direction. As a result cylinder is symmetric. We can only roll in a discreet set of direction in order to form a closed cylinder. Two atoms in the graphene sheet are chosen, one of which serves the role as origin. The sheet is rolled until the two atoms coincide. The vector pointing from the first atom towards the other is called the chiral vector and its length is equal to the circumference of the nanotube (fig 3). The direction of the nanotube axis is perpendicular to the chiral vector. SWNTs with different chiral vectors have dissimilar properties such as optical activity, mechanical strength and electrical conductivity.

MWNTs can be considered as a collection of concentric SWNTs with different diameters. The length and diameter of these structures differ a lot from those of SWNTs and of course, their properties are also very different (fig. 1).
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Figure 3: Vector OA is called the chiral vector. It can be defined by the vector Ch=na1+ma2 and the chiral angle è with the zigzag axis. Vectors a1 and a2 are the lattice vectors. (Dresselhaus, M.S., Dresselhaus, G., Saito, R, Academic press, San Diego, 1996)
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Figure 4: Structure of Single Walled Carbon Nanotube (A) Armchair (B) Zig zag  (C) Chiral. (Dresselhaus, M.S., Dresselhaus, G., Saito, R, Academic press, San Diego, 1996)

2.3 Synthesis Methods for Carbon Nanotubes 
Various methods to grow CNTs have been developed, including arc discharge, laser ablation, chemical vapor deposition (CVD), and flame synthesis. Some important methods are described below: 
2.3.1 Arc-discharge 
Arc-process involves the condensation of carbon atoms generated from evaporation of solid carbon source. The NEC Laboratory in Japan reported the first observation of Multi –Walled Carbon Nanotubes3. The temperatures involved in these methods are close to the melting temperature of graphite, 3000-4000°C4. The arc-produced method relies on a carbon arc where a current on the order 70 to 100 A passes through a graphite rod (which serves as the anode) to graphite cathode in a He atmosphere and at low pressure (between 50 and 700 mbar). MWCNT growth by modified arc-discharge was made by Ebbesen  and Ajayan17,18 SWCNT by arc-discharge was achieved by Bethune et.al 1993. The graphite anode was filled with metal powder (Fe, Co, or Ni) and cathode was of pure graphite. The distance between the electrodes is 1mm. A schematic experimental setup is shown in Figure 5. The potential difference between two rods is 20 V. It is assumed that carbon atoms are evaporated by plasma of helium gas ignited by high current passed through opposing carbon anode and cathode. Material deposits on the cathode in a rod-shape and is consists of small fibers. The synthesized MWCNTs are generally 10 nm in diameter and 1 µm long. 
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Fig. 5. Are Discharge Setup for CNT Synthesis

2.2.2 Laser ablation method 
The laser ablation method utilizes intense laser pulse to ablate a carbon target in a He atmosphere shown in Figure 6. The target is placed in tube-furnace heated to 1200°C (14) Flows through the 5 cm diameter tube at a constant pressure of 500 Torr. A cylindrical graphite target doped with small amounts of catalyst metal (typically 0.5–1.0% each of Co and Ni) is mounted at the center of the furnace. The growth of high quality SWCNTs has also been achieved using a laser ablation method (Richard, 1996) 
Vaporization of the target is typically performed by an Nd: YAG laser. SWCNT can be produced by Laser ablation of a graphite rod19. Cobalt–nickel catalyst enhances growth of nanotubes. Varying the reaction temperature can control the diameter range of the tubes. A flow of argon or nitrogen gas sweeps the nanotubes from the furnace to a water-cooled copper collector placed just outside of the furnace. Main disadvantage of this method is that it requires expensive lasers. 
2.3.3 Chemical Vapor Deposition (CVD) 
CVD method is based on the thermal decomposition of hydrocarbons in the presence of a catalyst material to high temperatures (500–1200ºC) in a tube furnace using a hydrocarbon gas through the tube reactor over a period of time and produces nanotubes in large quantities. Catalyst material (like iron, nickel and cobalt nanoparticle) supported on a substrate (like silica) in a tube furnace and a hydrocarbon gas flowing through the tube reactor shown in Figure 6. Materials grown over the catalyst are collected upon cooling the system to room temperature. The key parameters in nanotube CVD growth are the nature of hydrocarbons, catalysts and growth temperature. In the CVD process single wall nanotubes are found to be produced at higher temperatures with a well-dispersed and supported metal catalyst while multi wall nanotubes are formed at lower temperatures and even with the absence of a metal catalyst SWCNTs were grown from Chemical Vapor Deposition process using methane as carbon feedstock and reaction temperatures in the range 850-1000(C Dai et al., (1996) prepared SWCNTs by disproportionation of Co at 1200(C over Mo particles dispersed in a fumed alumina matrix. Rao et al., (1998), prepared MWCNTs by using ferrocene, mixture of Ar –H2 gas and temperature 900(C. Paillet et al., (2004), used discrete nickel catalyst nanoparticle to grow isolated SWCNTs by CVD. 
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Fig. 6. Schematic diagrams of the laser vaporization 
apparatus for CNT Synthesis
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Figure 7:  Temperature profile and layout of one zone reactor


2.4
GROWTH MECHANISM FOR CARBON NANOSTRUCTURES 
Carbon nanotubes growths by the catalytic CVD method require catalyst nanoparticles (usually Fe, Co or Ni), a carbon feedstock (e.g. Hydrocarbon or Co), and heat. The formation of carbon into multiwalled nanotubes and nanofibers dependent upon parameters like the catalyst particle size, residence time, and temperature and Stoichiometry depending on the size of the catalyst particles, SWCNT or MWCNT are grown. The ability of these transition metals to form graphite carbon is related to a combination of factor that include their catalytic activity for the decomposition of volatile carbon compounds, the formation of the metasable carbides and diffusion of carbon through the metal particles. Growth of carbon nanostructures formed is explained via the carbon solvation, diffusion and precipitation mechanism. 
These growth mechanisms are based on the introduction of catalyst particles either as Deposited salts on a substrate or aerosols suspended catalyst particles in the flame Environment and can be explained by different models. 
2.4.1 BULK DIFFUSION MODEL 
Baker et al., 197225 explained the growth of carbon filaments by catalytic decomposition of carbon feedstock and bulk diffusion of carbon as shown in Figure 8. The bulk diffusion mechanism accounts for the both nanofibers and nanotubes 
[image: image9.png]Figure 211 Carbon diffuses over the bulk of metal catalyst M as proposed by
baker model




Figure 8 : Carbon diffuses over the bulk of metal catalyst M as 
proposed by baker model
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Decomposition of hydrocarbon
[image: image50.bmp]On metal surface.
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    Termination of tube growth
STEPS INVOLVES IN FORMATION OF CNTS.
2.4.2 SURFACE DIFFUSION 

Oberlin et al., 1976 explained the growth of the carbon filaments as in 
Figure 9, involving the surface diffusion of carbon around the metal particle. The carbon atoms diffuse over the catalyst surface to form a tubular structure, which emanates from the circumference of the catalyst. The tubular structure is favored for carbon filaments with nanometric diameters. 
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Figure 2,12 Carbon diffuses over the surface of the metal catalyst and form a
tubular structure from the circumference of the catalyst as purposed

by Oberlin model.




Figure 9 : Carbon diffuses over the surface of the metal catalyst M as 
proposed by baker model

2.4.3 Yarmulke mechanism 
The SWCNT formation mechanism suggested by Dai et al. 1996 involves the catalytic decomposition of the carbon source on the metal particle surface, followed by the diffusion of the carbon atoms along the surface till adding to the growing particle or through the bulk of the particle to an open edge of the growing CNT. Subsequently, the carbon atoms become incorporated in the graphene network. This, so called “Yarmulke mechanism” proposes that in order to minimize the total surface energy, the excess carbon forms a graphene cap on the surface of the metal particle, since graphene sheet has 10–20 times smaller surface energy than most metals. 
Two different growth mechanism based on the interaction of the catalyst with its support as described by Baker and Rodriguez20. 
Base and Tip growth mechanisms occur on deposited catalyst particles via following steps. 
Source of carbon

Solvation and diffusion.

Carbon precipitates out of the catalyst particle

Through the catalyst particles

Particle at the base




Amorphous layer forms a cap
The surface interaction between the catalyst and its support is an important factor that determines the growth mode. The interaction of the catalyst with its support can be characterized by its contact angle, growth temperature, hydrophobic (weak interaction) and hydrophilic (strong interaction) surface. 
2.4.4 Tip growth mechanism 
Tip growth Mechanism is favored in case of Ni on silica due to its large contact angle due to weak interaction at 700 0C. These carbon nanostructures followed the tip growth mechanism with a catalyst particle at the tip of the tubes as shown in the TEM image of a nanofibers in Figure 10.
[image: image11.png]Figure 2,13 Tip growth mechanism




Figure 10 : Tip growth mechanism

2.4.5 Base growth mechanism 
The base growth model is based on TEM evidence, which shows that the nanotube tip ends are particle free as shown in Figure 11. MWCNTs are commonly deposited by both the tip-growth and base-growth mechanism. Co or Fe on silicon favour base growth indicating that a strong interaction exists between Co or Fe and Si. 
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Figure 11 : Base growth mechanism
2.5 Properties of carbon nanotubes

2.5.1. Mechanical Properties

The mechanical properties of carbon nanotubes21 (strength and stiffness) should approach that of an ideal carbon fiber, which has perfect orientation for graphene layers in the axial direction (single crystal) and a negligible number of structural defects. Since the in plane

C-C covalent bond in graphite is one of the strongest bonds in nature, the axial strength of the nanotubes would surpass that of most known materials. Small diameter SWNT are quite stiff and exceptionally strong, meaning that they have a high Young’s modulus and high tensile strength. Carbon nanotubes have Young’s moduli ranging from 1.28 to 1.8 TPa. Young’s modulus of carbon nanotubes is almost 10 times that of steel. This would imply that carbon nanotubes are very stiff and hard to bend. However, this is not quite true because they are so thin. When carbon nanotubes are bent, they are very resilient. They buckle like straws but do not break, and can be straightened back without any damage. Most materials fracture on bending because of the presence of defects such as dislocations or grain boundaries. Because carbon nanotubes have so few defects in the structure of their walls, this doesn’t occur. Another reason why they do not fracture is that as they are bent severely, the almost hexagonal carbon rings in the walls change in structure but don’t break. This is unique result of the fact that the carbon-carbon bonds are sp2 hybrids, and these sp2 bonds can rehybridize as they are bent. The degree of change and the amount of s-p admixture both depend on the degree of bending of the bonds. Strength is not the same as stiffness. Young’s modulus is a measure of how stiff or flexible a material is. Tensile strength is a measure of the amount of stress needed to pull a material apart. The tensile strength of carbon nanotubes is about 45 billion pascals. High strength steel alloys break at about 2 billion pascals. Thus carbon nanotubes are about 20 times stronger than steel. Multiwalled nanotubes of 200nm diameter have a tensile strength of 7 GPa and modulus of 0.64 TPa. This modulus of 0.64 TPa is about same as that of silicon carbide nanorods (~0.66 TPa) but lower than that of highly oriented pyrolytic graphite (~1.06 TPa)22. The high stiffness and strength combined with low density implies that nanotubes could serve as ideal reinforcement in composite materials. All these results show that nanotubes do indeed have exceptional mechanical properties both strength and elasticity, which combined with their low density, should make them ideal for reinforcement applications.

2.5.2 Density

The hollow structure of carbon nanotubes makes them very light (density varies from 0.8g/cc for SWNTs up to 1.8g/cc for MWNTs, compared to 2.26g/cc for graphite) and this is very useful for a variety of lightweight applications from composites to fuel cells. Specific gravity of steel is 7.8. Specific strength (strength/density) is important in the design of structural materials nanotubes have this value at least two orders of magnitude greater than steel. Traditional carbon fibers have specific strength 40 times that of steel.

2.5.3 Chemical attack and thermal stability

As carbon nanotubes are made of graphite carbon, they have good resistance to chemical attack and have high thermal stability. Oxidation studies have shown that the onset of oxidation shifts to higher temperature in nanotubes compared to high modulus graphite fibers. The oxidation in nanotubes begins at the tubes tips and this leads to the possibility of opening nanotubes by oxidation. In vacuum or reducing atmosphere, nanotubes structures will be stable to any practical services temperatures.

2.5.4 Thermal Conductivity

Electron transport in carbon nanotubes is unique and the nanotubes are highly conducting in the axial direction. Similarly, the thermal conductivity of carbon nanotubes also should be high in the axial direction and should close to the in-plane value of graphite (one of the highest among materials). No experiment to date has tested the thermal conductivity of carbon nanotubes material or carbon nanotube composite. In the case of composites, although the high aspect ratio of carbon nanotubes will aid in improving conductivity, the interface between the carbon nanotubes and the matrix could have a deleterious effect. The measured room temperature thermal conductivity for an individual MWNT (>3000W/m.K) is greater than that of natural diamond and basal plane of graphite (both 2000 W/m.K)23.

2.4.5 Catalytic Nature of Carbon Nanotubes

The catalytic nature of carbon nanotubes surfaces has been studied and the indications are that nanotubes are catalytically active. It has been demonstrated that MWNTs decorated with metals can show selectivity in heterogeneous catalysis (that is heterogeneous reaction of cinnamaldehyde in liquid phase using Ru nanotubes) compared to the same attached on other carbon substrates. Microelectrodes made from carbon nanotubes have been used to carry out bioelectrochemical reactions. Electrode made from carbon nanotubes show superior properties (reversibility and efficient electron transfer) during in vitro oxidation studies of biomolecules (dopamine) compared to electrodes made from graphite paste. MWNTs microelectrodes were used to study the oxygen reduction reaction in aqueous acid and natural media. It was observed that electron transfer occurred at a much faster rate (determined from the exchange current density measured at the electrodes) on carbon nanotubes compared to graphite. Ab-intio calculations on the electron transfer rates of nanotubes indicate that curvature do not enhance the rates significantly, although the presence of topological defects on the surface can cause a significant improvement in the electron transfer rates, especially at the pentagon sites, which are electrophonic in nature compared to the hexagonal rings.

The electrodic efficiency can be increased by electrode activation (treatment of nanotubes in concentrated HNO3 for a short period) and through the deposition of small amounts of metal catalysts (Pt. Pd. Ag).

2.5.6 Chemical reactivity

The chemical reactivity of a CNT24 is, compared with a graphene sheet, enhanced as a direct result of the curvature of the CNT surface. Carbon nanotube reactivity is directly related to the pi-orbital mismatch caused by an increased curvature. Therefore, a distinction must be made between the sidewall and the end caps of a nanotube. For the same reason, a smaller nanotube diameter results in increased reactivity. Covalent chemical modification of either sidewalls or end caps has shown to be possible. For example, the solubility of CNTs in different solvents can be controlled this way. Though, direct investigation of chemical modifications on nanotube behavior is difficult as produced nanotube samples are still not pure enough.

2.5.7 Electrical conductivity

Depending on their chiral vector, carbon nanotubes with a small diameter are either semi conducting or metallic. The differences in conducting properties are caused by the molecular structure that results in a different band structure and thus a different band gap. The differences in conductivity can easily be derived from the graphene sheet properties25. It was shown that a (n, m) nanotube is metallic as accounts that: n = m or (nm) = 3i, where is an integer and n and m are defining the nanotube. The resistance to conduction is determined by quantum mechanical aspects and was proved to be independent of the nanotube length26,27. Superconductivity has also been observed, but only at low temperatures, with transition temperatures of ~ 0.55K for 1.4nm diameter SWNTs28 and ~5K for 0.5nm diameter SWNTs grown in zeolites29.

2.5.8 Electronic structural properties

From nanostructures point of view, fullerene tubules are interesting as examples of a 1–D periodic structure along the tubule axis. Confinement of the structure in the radial direction is provided by the monolayer thickness of the tubule. A number of methods have been used to calculate the 1D electronic energy bands or fullerene tubules30-34 and all relate to the 2D graphene honey-comb sheet used to form the tubule. These calculated results for the 1D electronic structure show that for small diameter graphene tubules, about 1/3 of the tubules are metallic and 2/3 are semi conducting, depending on the tubule diameter dt and chiral angle 
[image: image13.wmf]q

. Metallic conduction in a fullerene  tubule is achieved when 2n + m = 3q where n and m are integers specifying the tubule diameter and chiral angle and where q is an integer. Tubules satisfying above equation are metallic tubules. All armchair tubules are metallic; but only 1/3 of the possible zigzag tubules is metallic. It is surprising that the calculated electronic structure can be either metallic or semi conducting depending on the choice of (n, m); although there is no difference in the local chemical bonding between the carbons in the tubules, and no doping impurities are present35. These surprising results can be understood on the basis of the electronic structure of 2D graphite which is a zero gap semi conductor36 with bonding and antibonding Ð bands, degenerate at the K-point (zone corner) of the hexagonal 2D Brillouin zone. The periodic boundary conditions for the 1D tubules permit only a few wave vectors to exist in the circumferential direction. Metallic conduction occurs when one of these wave vectors passes through the K-point of the 2D Brillouin zone, where the valence and conduction bands are degenerate because of the symmetry of the 2D graphene lattice. Metallic 1D energy bands are generally unstable under a Peierls distortion. However, Peierls energy gap obtained for the metallic tubules is found to be greatly suppressed by increasing the tubule diameter, so that the Peierls gap quickly approaches the zero-energy gap of 2D graphite39,43. Thus if we consider finite temperatures or fluctuation effects, such a small Peierls gap can be neglected. As the tubule diameter increases, more wave vectors become allowed for the circumferential direction, the tubules become more 2D and the semi conducting band gap disappears, as is illustrated in figure which shows the diameter dependence of the semi conducting band gap, and its ~1/dt diameter dependence. At a tubule diameter of dt ~ 3nm, the band gap becomes comparable to thermal energies at room temperature. Calculation of the electronic structure for two concentric tubules shows that pairs of concentric metal-semiconductor or semiconductor- metal tubules are stable37.

2.5.9 Optical activity

Theoretical studies have revealed that the optical activity of chiral nanotubes disappears if the nanotubes become larger38. Therefore, it is expected that other physical properties be influenced by these parameters too. Optical absorption spectra of metallic and semi conducting, small diameter SWCNTs were studied and there is a good relationship between available experimental and theoretical work. H. Katauru et.al.39 and C.D.Spataru et al.40 has done considerable work on optical spectra of SWNT. Ando41 has shown that the considerable amount of the optical intensity is transferred to exciton bound states because of quasi 1-D nature of SWNTs. Indeed, the first absorption peak portion is slightly higher than the calculated energy gap and corresponds to the exciton states under coulomb interaction. Use of the optical activity might result in optical devices in which CNTs play an important role.

2.6. Application of carbon nanotubes

2.6.1 Carbon nanotubes for super strong structures Outstanding mechanical properties of carbon nanotubes have inspired the researchers to adopt them for reinforcement in composites42. The tensile modulus and strength of the nanotubes ranging about 1 TPa and 200 GPa, respectively, have been reported. Several studies have been undertaken to develop both thermoplastic and thermosetting polymers composites with CNTs as reinforcement. Epoxy based MWNT composites have been made and tested, but the results are not very conclusive. Substantial increase in modulus has been reported together with high strain to failure, but the strength of the composite is less than expected. The success of nanotube-reinforced composites depends on how strong the interface (between tubes and the matrix) can be made. The atomically smooth surfaces of nanotubes do not guarantee a strong interface.
There are numerous possible applications; some examples are aerospace structural panels, sporting goods, ultra-light weight thin-walled space structures for use in space and high stiffness to weight space mirror substrates. Other examples include light bullet proof vests, earth quake resistant buildings exploiting the unique flexibility of CNTs.

There are four main system requirements for effective reinforcement. These are large aspect ratio, good dispersion, alignment and interfacial transfer. Dispersion is probably the most fundamental issue.

2.6.2 Carbon Nanotubes in Electrical Circuits

Carbon nanotubes have many properties-from their unique dimensions to an unusual current conduction mechanism-that make them ideal components of electrical circuits43, and it is exciting to envision, or even to implement, novel transistor, MEMS devices, interconnects, and other circuit elements.

The major hurdles that must be jumped for carbon nanotubes to find prominent places in circuits related to fabrication difficulties. The carbon nanotubes production processes are very different from the traditional IC fabrication process. The IC fabrication process is somewhat like sculpture-films are deposited on to wafer and pattern-etched away. Today, there is a no reliable way to arrange carbon nanotubes in a circuit. Researchers sometimes resort to manipulating nanotubes one-by-one with the tip of an atomic force microscope in a painstaking, time-consuming process. Perhaps the best hope is that carbon nanotubes can be grown through a chemical vapor deposition process from patterned catalyst materials on a wafer. Though such a CVD process has been shown to allow a circuit designer to locate one end of a nanotube, there is no obvious way to control where the other end goes as the nanotubes grows out of the catalyst. Another way for the selfassembly of the carbon nanotubes transistors consist in using chemical or biological technique to place the nanotubes from the solution to determinate place on the substrate. Even if nanotubes could be precisely positioned, there remains the problem that, to this date, engineers have been unable to control the type of nanotubes- metallic, semiconducting, single walled, multi-walled, produced. This is a problem that chemical engineers must solve if nanotubes are to find a place in commercial circuits.

In most materials, however, the actual observed material properties - strength, electrical conductivity, etc. - are degraded very substantially by the occurrence of defects in their structure. For example, high strength steel typically fails at about 1% of its theoretical breaking strength. Nanotubes, however, achieve values very close to their theoretical limits because of their perfection of structure - their molecular perfection. This aspect is part of the unique story of Bucky tubes. Bucky tubes are an example of true nanotechnology only a nanometre in diameter, but molecules that can be manipulated chemically and physically. They open incredible applications in materials, electronics, chemical processing and energy management.

2.6.3 Field Emission

Carbon nanotubes are the best-known field emitters of any material. This is understandable, given their high electrical conductivity, and the unbeatable sharpness of their tip (the sharper the tip, the more concentrated will be an electric field, leading to field emission; this is the same reason lightening rods are sharp). The sharpness of the tip also means that they emit at especially low voltage, an important fact for building electrical devices that utilize this feature. Carbon nanotubes can carry an astonishingly high current density, possibly as high as 1013 A/cm2. Furthermore, the current is extremely stable44. An immediate application of this behaviour receiving considerable interest is in field emission flat-panel displays. Instead of a single electron gun, as in a traditional cathode ray tube display, here there is a separate electron gun (or many) for each pixel in the display. The high current density, low turn-on and operating voltage, and steady, long-lived behaviour make nanotubes attract field emitters to enable this application. One of the practical issues that still need to be resolved is obtaining uniformly aligned tubules, which would guarantee uniform emission. Other applications utilising the field-emission characteristics include: general cold-cathode lighting sources, lightning arrestors, and electron microscope sources.

2.6.4 Conductive Plastics

Much of the history of plastics over the last half-century has been as a replacement for metal. For structural applications, plastics have made tremendous headway, but not where electrical conductivity is required, plastics being famously good electrical insulators. This deficiency is overcome by loading plastics up with conductive fillers, such as carbon black and graphite fibres (the larger ones used to make golf clubs and tennis racquets). The loading required to provide the necessary conductivity is typically high, however, resulting in heavy parts, and more importantly, plastic parts whose structural properties are highly degraded. It is well established that the higher aspect ratio of filler, the lower loading required achieving a given level of conductivity. Bucky tubes are ideal in this sense, since they have the highest aspect ratio of any carbon fibre. In addition, their natural tendency to form ropes provides inherently very long conductive pathways even at ultra-low loadings. Applications that exploit this behaviour of carbon nanotubes include EMI/RFI shielding composites and coatings for enclosures, gaskets, and other uses; electrostatic dissipation (ESD); antistatic materials and transparent conductive coatings; and radar-absorbing materials for stealth applications.

2.6.5 Energy Storage

Carbon nanotubes have the intrinsic characteristics desired in material used as electrodes in batteries and capacitors, two technologies of rapidly increasing importance. Bucky tubes have a tremendously high surface area (~1000 m2/g), good electrical conductivity, and very importantly, their linear geometry makes their surface highly accessible to the electrolyte. Research has shown that CNTs have the highest reversible capacity of any carbon material for use in lithium-ion batteries45. In addition, CNTs are outstanding materials for super capacitor electrodes46 and are close to commercialisation. Nanotubes also have applications in a variety of fuel cell components. They have a number of properties including high surface area and thermal conductivity that make them useful as electrode catalyst supports in PEM fuel cells. They may also be used in gas diffusion layers as well as current collectors because of their high electrical conductivity. Bucky tubes high strength and toughness to weight characteristics may also prove valuable as part of composite components in fuel cells that are deployed in transport applications where durability is extremely important

2.6.6 Conductive Adhesives and Connectors

The same properties that make nanotubes attractive as conductive fillers for use in electromagnetic shielding, ESD materials, etc., make them attractive for electronics packaging materials, such as adhesives and other connectors (e.g., solders).

2.6.7 Molecular Electronics
The idea of building electronic circuits out of the essential building blocks of materials -  molecules - has seen a revival the past five years, and is a key component of nanotechnology. In any electronic circuit, but particularly as dimensions shrink to the nano scale, the interconnections between switches and other active devices become increasingly important. Their geometry, electrical conductivity, and ability to be precisely derived, make nanotubes the ideal candidates for the connections in molecular electronics. In addition, they have been demonstrated as switches themselves.
2.6.8 Thermal Materials

The record-setting anisotropic thermal conductivity of Bucky tubes is enabling applications where heat needs to move from one place to another. Such an application is electronics, particularly advanced computing, where uncooled chips now routinely reach over 100oC. CNTs technology for creating aligned structures and ribbons of nanotubes48 is a step toward realising incredibly efficient heat conduits. In addition, composites with carbon nanotubes have been shown to dramatically increase the bulk thermal conductivity at small loadings.

2.6.9 Fibres and Fabrics

Fibres spun of pure carbon nanotubes have recently been demonstrated48 and are undergoing rapid development, along with carbon nanotube composite fibres. Such super strong fibres will have applications including body and vehicle armour, transmission line cables, woven fabrics and textiles.

2.6.10 Catalyst Supports:

Carbon nanotubes have an intrinsically high surface area; in fact, every atom is not just on a surface - each atom is on two surfaces, the inside and outside! Combined with the ability to attach essentially any chemical species to their sidewalls provides an opportunity for unique catalyst supports. Their electrical conductivity may also be exploited in the search for new catalysts and catalytic behaviour.
2.6.11 Biomedical Applications

The exploration of carbon nanotubes in biomedical applications is just underway, but has significant potential. Cells have been shown to grow on carbon nanotubes, so they appear to have no toxic effect. The cells also do not adhere to the carbon nanotubes, potentially giving rise to applications such as coatings for prosthetics and anti-fouling coatings for ships. The ability to chemically modify the sidewalls of carbon nanotubes also leads to biomedical applications such as vascular stents, and neuron growth and regeneration.

2.6.12 Quantum Wires and Tiny Electronic Devices

The application of nanotubes as quantum wires and tiny electronic devices has received the most coveted attention. The Delft group, which pioneered the measurements of electron transport in individual SWNTs, has built the first single molecule field effect transistor based on a semi conducting SWNT, the device, which operates at room temperature, comprises a nanotube bridging two metal electrodes. The band structure suggested for this device is similar to traditional semiconductor devices (two Scotty-type diodes connected back to back), and the performance of this device is comparable to existing devices in terms of switching speeds. Although the demonstration of such a device is exciting, the next stage of integrating devices into circuits will be crucial. None of the procedures developed so far for nanotube fabrication enables the construction of complex architectures that the semi-conductor industry needs today. New ideas based on the self-assembly of carbon structures into integrated nanotube assemblies have to be realized before nanotube electronics become practical reality.

2.6.13 Fabrication of Heterojunction Devices:

The possibility of connecting nanotubes of different helicity (and hence different electronic character) through the incorporation of 5-7 defect pairs could lead to the fabrication of heterojunction devices. Although this concept has never been show experimentally on an individual nanotube structure, STS studies of nanotube rope and MWNTs have indicated spatially varying changes in electronic properties along the length of the rope similar junction devices can be designed from two nanotube segments, one of which is semi conducting and the other made metallic by doping with impurity elements such as boron.

2.6.14 Nanoprobes

Due to high aspect ratio, mechanical strength, and elasticity, nanotubes could be used as Nanoprobes49 for example, as tips of scanning probe microscopes. This idea has been demonstrated successfully and a nanotube tip on an atomic force microscope was used to image the topography of Tin coated aluminum film. A bundle of MWNTs is first attached to a Si cantilever through adhesive bonding and then the bundle is sheared to expose one tube at the end of the bundle that performs as the tip. Due to the flexibility of nanotubes, the nanotube tips do not suffer the common problem of tip crashes also, such a slender structure as the nanotube is ideally suited to image deep features like surface cracks. Due to the conducting nature of the tubes. They also can be used as STM tips. Nanotube tips also have been used to image biological systems. The proposal to use nanotube tips is enticing, but the vibration of individual freestanding tips can spoil some resolution imaging.

2.6.15 Electrode Applications

The potential of nanotubes for electrode applications is being explored especially because carbon-based have been used for decades in important electrode application such as fuel cell and batteries. The unique surface constitution of nanotubes permits high selectivity for reactions more recent studies indicate that nanotubes much higher compared to on other carbon electrodes the catalytic activity (graphite and glassy carbon) supports. Oxygen reduction is an important fuel cell reaction, and the experiments show the potential of nanotube catalysts in energy production and storage.
2.6.16 Hydrogen Storage

Finally, another interesting and exciting area of application has been demonstrated in SWNTs the possibility of hydrogen storage43 inside the well defined SWNT pores Temperature-programmed desorption spectroscopy in traditional porous carbon material. The hydrogen uptake in high and can be compared to the best presently available material (metal hydrides) for hydrogen uptake is high and can be compared to the best presently available material (metal hydrides) for hydrogen storage If an optimum nanotube diameter can be established for the best intake and release of hydrogen, high-energy storage efficiency can be obtained and the process could operate at ambient temperature. Advance in controlling the nanotube size during production can have an impact in this field whereas fuel cells are increasingly becoming part of future technology, the role of nanotubes as energy storage material is significant.

2.6.17 Some Unique Applications

Other than structural composites, some unique properties are being pursued by physical doping (filling) polymers with nanotubes. Such a scheme was demonstrated in a conjugated luminescent polymer, poly (p-phenylenevinglene-co-2, 5 dioctoxy mphenylenevinylene) (PmPV) filled with MWNTs and SWNTs compared to the pristine polymer. It was found that the formed organic composites show an increase of the conductivity by ten orders of magnitude50-53.

2.6.18 Other Applications:

There is a wealth of other potential applications for carbon nanotubes, such as solar collection; nonporous filters; catalyst supports; and coatings of all sorts. There are almost certainly many unanticipated applications for this remarkable material that will come to light in the years ahead and which may prove to be the most important and valuable of all. Most applications are based on the unique electronic structure, mechanical strength, flexibility, and dimensions of nanotubes whereas the electronic applications are base on SWNTs; no distinction has been made between SWNTs and MWNTs in other fields of applications.

Chapter – 3
RECENT WORK ON CURRNET PROJECT

Hybrid composite employing traditional advanced composites and carbon nanotubes offer significant potential mechanical and multifunctional performance benefits. 

Carbon nanotubes are grown directly on carbon fiber cloth using CVD method, it is novel process for rapidly growing dense, long, high quality aligned carbon nanotube. For preparation hybrid composite, welting of carbon nanotube forest by epoxy resin was done.55-56

Nature of fiber / matrix interface is discussed by F.W. Chon in his paper “Microstrucural Design of Fiber Composite” (Cambridge University of Press, Cambridge, 1992).57

To reinforcement multifunction composite using laminae with carbon nanotube tube forests is also reported, here approach is to develop 3D composite.58 It shown the remarkedly improvement in Fracture toughness, hardness. In this thermal conductivity is reported around 0.5 wm(1k(1 and through thickness electrical conductivities as 0.408 scm(1

Different studies using carbon nanotubes reinforcement in polymer composite reported some improvement in the bulk mechanical properties compared with traditional fiber reinforced composite.59-63.

CNTs grown on silicon carbide fiber is reported.64 

Low through thickness thermal conductivity polymer matrix composite is reported65-67.

Thermal conductivity in carbon black reinforced composite is reported as maximum with 0.8% at weight of carbon black with unidirectional value 2.234 and crosslply 3.338 w/mk.68


Evaluation and identification of electrical and thermal conduction mechanisms in CNT/epoxy composite is reported by Florian H. Gojny69.

Here the effect of (NH2 functionalised CNT/epoxy composite on thermal conductivities in compare with unfunctionalised CNTs.


It is comparable with the value in literature70.

The effect of  decrease in thermal conductivity at low filler content were made by Moisale et al.71

Hatta, et al.72-73 develop a model to calculate thermal conductivity by equivalent inclusion method from Eshelby74.


Sandler J et al.75 Biercuk76, investigated the application of CNT nano composite in electronics, aerospace and automotive industries.


Various studies on thermal manage3ment is done77-78 in polymer composite using filler.

This approach is based upon the theoretical79 and experimental result80 shown high thermal conductivity value of individual CNT.


Argon flash diffusivity testing procedure is used to measure thermal conductivity.87-88

Y.A. Kim et al. 89 in their paper “Enhanced Thermal conductivity of carbon fiber/phenolic resin composite by the introduction of carbon nanotube reported to wt. of CNT dispersed homogenously in phenolic resin acted as the effective thermal bridge between adjacent carbon fibers and resulted in an enhancement to thermal conductivity.


Mathur RB et al.90 in their paper growth of carbon nanotubes on fibre substrate to produce hybrid/phenolic composites with improved mechanical properties” reported for grown CNTs on C.F. Cloth. 75% improvement in flexural strength over neat reinforcement (without CNT growth).


M.J. Biercuk et al.91 in their paper carbon nanotube composites for thermal management reported, SWNTs were used to augment the thermal transport properties of the industrial epoxy. Sample loaded with 1 wt% unpurified SWNT material showed a 70% increase in thermal conductivity at 40K, rising to 125% at room temperature, the enhancement due to 1 wt% loading of vapour grown carbon fibres was three times smaller. Electrical conductivity data showed a percolation threshold between 0.1 and 0.2 wt % SWNT loading. The Vickers hardness rose monotonically with SWNT touching upto a factor of 3.5 at 2 wt%. These results suggest that the thermal and mechanical properties of SWNT-epoxy composites are improved, without their need to chemically functionalize the nanotubes.


Hua Huang et al.92 in his paper Aligned carbon Nanotube composite films for thermal management” reported aligned CNTs in the matrix and protrude out of the surfaces to form an ideal thermal conducting path from one surface to the other, here enhancement 0.65 SWm(1k(1 with 0.3 wt% loading is reported.
Chapter – 4
EXPERIMENTAL DETAILS
4.1 Materials/Chemicals
4.1.1 DGEBA based Epoxy Resin
4.1.2 Amine Hardeners
4.1.3 T-300 grade Carbon Fiber Cloth
4.1.4 Toluene

4.1.5 Ferrocene
4.1.6 Acetone
4.2 Synthesis of MWCNTs by CVD Method
4.2.1 The experimental Setup 

The Carbon nanotubes grown on the carbon cloths kept inside the quartz reactor by thermal decomposition of hydrocarbons e.g. toluene of iron catalyst obtained by the decomposition of the organometallic like ferrocene. The experimental set-up is shown in Fig. 12. The reactor is designed in such a way that a single zone furnace instead of conventional two zone furnace is used. The carbon substates were placed inside the quartz reactor having a constant temperature zone of about 18cm in length at the centre. The reaction zone was maintained at 750oC. Once the CVD temperature was reached the solution containing a mixture of ferrocene and toluene in particular proportion (0.077g ferrocene in 1 ml toluene) was injected in the reactor at a temperature of 200oC in presence of argon gas as carrier gas. A blank run was carried out to assess the quality of the carbon nanotubes produced inside the reactor. 
Once the uniform growth of the tube was ensure, carbon cloths of known weight was placed in the constant temperature zone of the reactor and the experiments were run under identical conditions. After the experiments was over carbon cloths was was wieghed again to determine the amount of nanotubes deposited. It was noticed that besides the nanotubes deposited on the substrates some nanotubes was also grown on the reactor walls. These deposits was removed separately. Moreover, some loose stuff was also found to be present on the carbon substrate which was removed by sonication in acetone Weight of the carbon nanotubes attached to carbon substrates in different runs in the one taken after sonication.
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Figure 13: CVD Instrument

4.3 Characterization techniques 

Various techniques were used to characterise MWCNTs and composite were as follows:

1. XRD 

X-Ray Diffarctometer (XRD) A Bruker make D-8 ADVANCE Powder X ray diffractometer at NPL was used to characterize the MWCNTs composite. The heart of D-8 ADVANCE is the high precision, two-circle goniometer with independent stepper motors and optical encoders for the 8 and 28 circles. The central opening in the Theta ring provides the maximum possible flexibility for different samples and sample stages. The goniometer, its accessories and the detector are controlled by an integrated microprocessor. The alignment of the Diffractometer is completely under computer control. In order to determine the crystalline phase analysis of the particles X-ray Diffraction patterns were recorded using D8 Advance Powder X-ray Diffractomerter. Cu K( X-ray source having fixed wavelength ( = 1.5404  Å  was used to recorded the pattersn. All the patterns were recorded between 10o – 70o (2()
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Figure 14: Photograph of Brukers D8 ADVANCE X-ray diffractrometer used for the characterization of composite in X-ray section at NPL

4.3.2 Scanning Electron Microscope (SEM)
Scanning Electron Microscope (SEM) is an important tool to characterize surface structure and morphology of the materials. SEM observation of the MWCNTs as produced in the form of carbon soot; after purification and MWCNT/CF composite was carried out using Model Leo S- 440 at NPL. It is complete software controlled instrument and operates like a desktop computer. The tungsten filament or lanthanum hexboride LaB6 as source of electrons. Three electromagnet beneath the gun, focus and shape the electron bean before it strikes the specimen in a scanned or rastered, fashion. The energy of the beam is adjustable from 300 volts to 40 kilovolts in 10-volt steps and the electron beam current is continuously adjustable from 1 pico –amp to  micro-amp to suit the type examination in progress. In the specimen chaer sample with 10 cm x 5 cm is held in such a way that it may be freely maneuvered during examination. Direct surface morphology and surface structure has been examined for conducting sample however, the specimen was coated with a very thin layer (10 nm) of conducting material. The magnification on the computer screen can be varied from 5x to 3,00,000x. In the present work the SEM was operated at 15 KV. 
[image: image16.png]



Figure 15: Scanning Electron Microscope (SEM)
4.3.3 Thermogravimetric Analysis (TGA)


Thermo gravimetric Analysis (TGA) is a thermal analysis technique used to measure changes in the weight of a sample as a function of temperature TGA is one of the important tools to determine the thermal stability, absorbed moisture content and different impurities present along with the CNTs, polymer and polymer composite. TGA of all samples was carried out in a Mettler Toledo, thermal analysis system at NPL. A sample is placed into a TGA sample pan, which is attached to a sensitive microbalance assembly. The balance assembly measures the initial sample weight at room temperature and then continuously monitors changes in sample weight with increase in temperature. The temperature was raised from room temperature to 850oC @ 100C/min at a constant supply of dry air @ 10ml/min. The weight loss curve are analyzed for the amount or percent of weight loss at any given temperature and the temperatures of various sample degradation processes, was recorded by the software provided with the instrument.
4.4. Composite Preparation 
4.4.1. CNTs reinforced Epoxy composite
Different percentage of CNTs were mixed with Acetone and ultrasonicate to ensure that all CNTs were completely dispersed. Ultrasonication is done for upto 45 minutes. After that weighted amount of Epoxy was poured in dispersed CNTs then again ultrasonicate it for another 30 minutes. Now this mixture was put on water bath to evaporated all the acetone, otherwise it will cause cracking in sample. Now Amine hardener is mixed. After then that mixture was put in mould of size (20(20(3 mm3) for it some hours. Then when semi-solidification occur it was put in oven with compression for 2 hours. 


These composite were prepared specifically for measurement of electrical conductivity. 
4.4.2. CNTs  Grown Carbon Fibres Cloth Reinforced Epoxy Composite

The carbon cloth was impregnated with Epoxy Resin matrix by wet mixing technique. The ratio of the reinforcement and the matrix was fixed as Carbon cloth: CNTs : Matrix as 33 : x : (67-x) in volume percent. The experiments were performed with different growth times which allowed varying the CNT volume (x)
Table 1: % CNT on CF cloth

	CNTs Growth Time 
(in minutes)
	% CNTs on 
Carbon Cloth

	15
	0.50

	30
	1.96

	45
	4.45

	60
	5.1

	120
	12

	180
	27


The prepregs so formed was compression molded at 100oC under 100 Kg/cm2 to give composite samples of size 60mm x 20mm x 2.5mm for carbon cloth. 

Steps in preparation of CNTs / CF Composite
(i)  
Growth of CNTs on CF by CVD method as furnace temperature 750oC for different times. 

(ii) 
Put the CNT's grown CF in furnace at 400oC for Oxidation. 

(iii)
Calculate the percentage CNTs on fibres cloth before and after Oxidation. 

(iv)
Both type of CNT's grown fibres cloth (unoxidised and oxidised) were impregnated with Epoxy Resin.

(v)
After absorption of Epoxy on fibres cloth, 4-5 samples of 60mm x 20mm was cut and were put form of laminate  one over  another. Now this laminate was put in mould at 100oC temperature & 100 Kg/ cm2 put in compression moulding for 2 hours.  
(vi) 
Composite of dimension (60x20x2.5) was formed. 
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Fig. 15: Composite Preparation 
4.5 Testing of composite 
4.5.1. Flexural Testing 


Composite samples were tested under a three point flexural loading based on the standard D790 for their tested under a three point flexural loading based on the standard D790 for their mechanical performance on an INSTRON universed testing machine (model 4411). For flexural properties the span to depth ratio was kept as 16. Averages of five tests per sample are reported here. The ultimate mechanical by the software provided with the machine. Block diagram for determining the flexural strength of the sample is shown in figure below. The three points bending test provide values for the modules of elasticity in bending EB, flexural stress (f, flexural strain (f, and the flexural stress-strain response of the preparation and testing. However, this method has some disadvantages also : the results of the testing method are sensitive to specimen and loading geometry and the strain rate. Flexural strength of the composite samples is calculated as follows :
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Where P = load at a given point on the load deflection curve, [N]
L = support span [mm]

b = width of the testing sample, [mm]

d = depth of the test sample, [mm]

D = maximum deflection of the center of the beam, [mm]
Flexural modulus determined from the slope of the stress-strain line developed during the three point bending test.
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Figure 16: Anter UTM Machine 
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Figure 17: Block diagram of flexural testing instrument
Table 2: Flexural Test 
	Growth Time 
(in min)
	% CNT on CF
	Flexural Strength (MPa)
	Flexural modulus (GPa)

	0
	0
	325
	45.2

	0*
	0
	270
	41.3

	15
	0.50
	230
	44.2

	30
	1.96
	370
	68.5

	45
	4.45
	420
	74.7

	60
	5.1
	470
	85.2

	120
	12
	515
	87.1

	180
	27
	529
	92.3


*As such CF cloth was treated upto 700(C in CVD furnace in the presence of inert atmosphere
4.5.2. Hardness Test 


Shore 'A' hardness was measured by using scleroscope. 


Shore 'A' hardness is measured both for CNTs reinforced Epoxy composite and grown CNTs on fibres cloth reinforced composite.
Table 3: Hardness of CNTs / Epoxy Composite
	% CNT in composite
	Hardness

	1
	82

	2
	84

	3
	83

	5
	90

	7
	80

	10
	82


Table 4: Hardness : CNTs on CF Cloth reinforced Composite (Unoxidised)
	Growth time
	% CNT
	Hardness

	0
	0
	96

	15
	0.50
	96

	30
	1.96
	98

	45
	4.45
	97

	60
	5.1
	101

	120
	12
	102

	180
	27
	98


Table 5: Hardness : CNTs on CF Cloth reinforced Composite (Oxidised)

	Growth time
	% CNT
	Hardness

	0
	0
	96

	15
	0.50
	95

	30
	1.96
	98

	45
	4.45
	96

	60
	5.1
	100

	120
	12
	102

	180
	27
	100


4.5.3 Thermal conductivity/diffusivity measurement 


Thermal conductivity/diffusivity measured by Nflash Line 3000 of Anter make instrument. It is based on ASTM-E-1461. It is standard test method for thermal diffusivity by Flash Technique.
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Figure 18: Anter made thermal diffusivity / conductivity testing instrument


Thermal Conductivity = Thermal diffusivity x specific heat x density.

Range of instrument

0.01 to 10 cm2 / sec. This instrument used NIST GRAPHITIC as standard having thermal diffusivity = 0.599 cm2/sec. at 100oC. Flash technique is introduced in 1916 for measurement of thermal conductivity of solids.  This method is based upon work developed and performed by (Parker) et.al. in 1961  (Parker, W.J. Jenkins, R.J., Butter; C.P.)
Method 


In the flash technique, the sample is a small thin disk and is of known thickness. The pulses a very short burst of energy applied to the front face of the sample. A deflector is used to record the temperature change of the rear face of the sample. The detector output is adjusted to offset the sample ambient temperature and display only the changing temperature as a function of time. 


This temperature changes used to determined all half max time for the temperature Vs. time plot. this half Max time parameter is the basis for the entire calculation of thermal diffusivity.

The thermal diffusivity value is calculated from the specimen thickness and time required for the rear face temperature to reach certain percentage of its maximum value. 

The conductivity = Thermal diffusivity x Specific heat (heat capacity) x density.

Mathematically,

( = ( x Cp. x (
Here, it must be taken care that sample should be homogenous, Isotropic, Opaque and solid. 
This instrument Xenon as a high speed source.

Schematically a pulse experiment is represented as 
Instantaneous Pulse

Front face
lateral face








   Initial temp.









   t0 thickness L


Temperature increased T0 + (T (t)

Figure 19: Pulse Experiment
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Figure 20: Characteristics thermogram for the pulse method
As a characteristics thermal gram of the rear face is created.

( = 0.1388
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Where, ( is thermal diffusivity L is sample length and t1/2 is time required for the back surface to reach half, half the maximum temperature. 
 Crowan's theory : It determined half maximum time parameter. 
He modified Parker equation as follow :

(()* (t1/2.5) is = (C)*  (d2)

Where, C* is a parameter related to the ratio of the 2 temperature.

If no losses are present then the ratio between the two temperature is two and new parameter (C) is 0.13 88. This matches the Parker analysis and is a result of the fact that no losses present the value. However the ratio parameter will decrease if radioactive heat losses are present.
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Figure 21: Temperature vs. Time (Crown Technique)
The resulting 'C' parameter will also change as the ratio changes thereby improving upon the Parker analysis.



Time
Figure 22: Laser pulse shape

This method of determining thermal conductivity is a closely guarded method. It guarded comparative longitudinal heat flow technique. It say comparative and absolute method.   


 It was planned to measure thermal conductivity both for CNTs reinforced Epoxy composite and grown CNTs reinforced fibres cloth reinforced Epoxy composite but thermal conductivity value. For CNTs reinforced epoxy composite does not show any significant value it maybe because of range of instrument used here is low. 


Further for grown CNTs reinforced fibres cloth reinforced Epoxy composite. We have measured conductivity for both fibres direction its transverse direction.

Sample preparation for Thermal Conductivity Measurement


Sample of dimension : 12.7mm x 12.7mm x 2.5mm  


For in the direction of fibres the test sample was cut from composite prepared for flexural testing and for transverse direction measurement sample is cut perpendicularly and joined together. 
Table 6: Thermal conductivity of CNTs grown on Carbon fiber cloth
	Growth time
	% CNT
	Thermal Conductivity
(W/mK)

	
	
	In CF plane
	Transverse to CF plane

	Unoxidised

	0
	0
	2.37
	17.68

	15
	0.50
	2.30
	18.72

	30
	1.96
	2.53
	19.76

	45
	4.45
	2.53
	19.50

	60
	5.1
	2.55
	21.92

	120
	12
	2.61
	29.05

	180
	27
	2.86
	21.81

	Oxidised

	0
	0
	2.30
	17.30

	15
	0.50
	2.50
	18.50

	30
	1.96
	2.52
	19.50

	45
	4.45
	2.51
	19.20

	60
	5.1
	2.55
	21.8

	120
	12
	2.60
	24.1

	180
	27
	3.54
	15.25


4.5.4. Electrical Conductivity Measurement by Four Probe Method

Four-point probe technique is used for the determination of conductivity. A constant current source is used to pass a steady current through the two outermost probes and the voltage drop across the inner two probes is measured. A dc voltage is applied across the electrodes and the current passing through the material is measured by a Keithley (model 617) electrometer in a vacuum (10-4 torr). The dc conductivity depends upon the net charge flowing in the sample. Embedded metal particles affect conductivity. 
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Figure 23: Conductivity Measuring Instrument
Formulae used
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where 

R  resistance (ohm)

V  voltage

I  Current (Amphere)

(  Resistivity

(  Conductivity
A  Surface area = width ( thickness
L  1.05 cm
Unit of (  Simen/cm
Table 7: Electrical Conductivity Measurement of grown CNTs 
on carbon fiber cloth composite
	Growth time (min)
	% Growth
	Conductivity 
(S/cm) ( 102

	Unoxidised

	0
	0
	0.59

	15
	0.50
	0.57

	30
	1.96
	1.11

	45
	4.45
	1.44

	60
	5.1
	1.72

	120
	12
	6.98

	180
	27
	2.18

	Oxidised

	0
	0
	0.57

	15
	0.50
	0.53

	30
	1.96
	1.10

	45
	4.45
	1.39

	60
	5.1
	1.65

	120
	12
	2.24

	180
	27
	1.88


Chapter 5

RESULTS AND DISCUSSION

5.1 
Characteristics features of the as grown CNT

Figure 24 and 25 show the SEM micrographs of carbon nanotubes produced inside the reactor at different magnification. Further (Figure 26) TEM micrograph show the nanotubes are multiwalled with outer diameter in the range of 10-60 nm and their length are in several micron. The TGA shown in Figure 27 suggests that there is no weight loss upto 500(C, after which is a sharp weight loss is observed with the DTG peak at 550(C with almost no residue left beyond 600(C. Absence of any weight loss in the low temperature region i.e. between 300-400(C suggests the absence of amorphous carbon in the sample. It is also seen that there is no weight gain at temperatures < 300(C. This is due to oxidation of the catalyst presence in the sample. This confirms that the there is no bare catalyst present. The same is mainly on the tip of the tubes covered with carbon shells. The total weight loss due to oxidation of carbon is around 88%, suggesting the presence 12% catalyst in the sample. The carbon nanotubes thus obtained are 88% pure.

The XRD pattern shown in figure 28 is confirms the presence of graphitic (002) peak corresponding to d = 3.43001 nm which is characteristic at MW CNTs.  
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Fig. 24: SEM at Low Magnification
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Figure 25: SEM at High Magnification
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Figure 26: TEM micrograph of MW CNTs
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Figure 27: TGA analysis of grown CNTs
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Figure 28: Figure XRD Image of CNTs

5.2
Characteristics Features of MW CNTs grown on carbon fiber cloth


SEM micrograph show the uniform deposition of CNTs on carbon fiber cloth at warp and Weft direction before and after sonication in figure 29, 30. The amount of maximum deposition of CNTs on Carbon fiber cloth is 27%.
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Figure 29: Carbon fibre cloth before sonication 
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Figure 30: Carbon fibre cloth after sonication
[image: image35.png]



Figure 31: SEM of grown CNT on CF cloth

IR Analysis of CF cloth


IR analysis of as such carbon fibre cloth, 750(C treated carbon fibre cloth and air oxidised carbon fibre cloth at 400(C were done.
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Figure 32: As such CF 

Above IR patterns show the (OH, (COOH stretching frequencies as well as C=O stetching 
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Figure 33: CNT grown CF cloth
Above pattern show that (OH, and (COOH frequency almost disappear.
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Figure 34: CNT grown CF cloth (Air Oxidation 400(C)

Again in above pattern some peak shown in (OH, (COOH range 
5.3
Characteristic Feature of CF / CNT composite
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Figure 35: Fracture surface of CNT / CF Composite
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Figure 36: Fracture surface of CNT / CF Composite


Both the above figure show the fracture surface of composite which clearly show that CNTs are impregnated in epoxy/fibre matrix.
5.4
Mechanical Properties of the Composite
5.4.1  Flexural Testing
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Graph 1: Flexural Strength of CNTs / CF Composite*  


Graph show the flexural strength increases upto 529 MPa at 27% CNTs grown the carbon fibre composite i.e. 62.76% increment over neat carbon fibre epoxy composite. Here, first it decreases from 325 to 270 on oxidation of grown CNTs on fibre cloth then again flexural strength decreases to 230. After that flexural strength show gradual increase with increase in % growth of CNTs on carbon fiber cloth.
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Graph 2 : Flexural Modulus of CNTs / CF Composite

Here same pattern like flexural strength is followed i.e. first decreases then increment at 0.5 percent CNTs deposition. Maximum flexural modulus comes at 27% CNTs deposition over carbon fibre i.e. 92.2 GPa. Here around 104% increment over neat epoxy carbon fibre composite is observed.
5.4.2 Hardness Testing
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Graph 3 : Percentage CNTs Reinforced Composite

In above graph 5% CNTs containing epoxy composite show the maximum hardness value (90). 
In both the following graphs it is shown that the maximum increment upto 12% CNTs growth on carbon fibre cloth. 
Unoxidised
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Graph 4 : Hardness of (unoxidised) CNTs grown on CF cloth
Oxidised

[image: image45.png]Hardness

104

102

100

98

96

94

92

90

B4

0 0.5

1.96 4.45 51

% CNTs grown on CF cloth

12

27





Graph 5 : Hardness of (oxidized) CNTs grown on CF Cloth
5.5  Thermal Conductivity Test


Unoxidised grown CNTs on carbon fibre cloth show the 20.67% increment from 0 to 27% CNTs grown carbon fibre cloth in carbon fibre plan, but in transverse to carbon fibre plane it show increment of 64.30% from 0 to 12%. At 27% CNT grown carbon fibre cloth show the decreased value of thermal conductivity in transverse direction.

In oxidized grown CNTs on carbon fibre cloth show the 53.91% growth in CF plane over as such carbon fibre-epoxy composite in carbon fibre plane and 39.30% increment in transverse direction to carbon fibre cloth over as such carbon fibre-epoxy composite.
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Graph 6: Thermal conductivity of (Unoxidised) CNTs grown on CF cloth 
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Graph 7 : Thermal Conductivity of (Oxidised) CNTs grown on CF cloth 
5.6  Electrical Conductivity Test
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Graph 8 : Electrical Conductivity of CNTs grown on CF Cloth
Table 8: Overall comparison between as such CF reinforced epoxy composite with CNTs grown on CF reinforced 
composite is shown below

	Properties
	CF-MWCNT epoxy Hybrid composite
	CF-Epoxy 
Composite

	Density (gm/cc)
	1.35 ( 1.45
	1.35 ( 1.40

	Flexural strength (MPa)
	560 ( 5%
	270 (320)

	Flexural Modulus (GPa)
	95 ( 5%
	423 (46)

	Shore hardness
	100 ( 105
	95 – 100

	Thermal conductivity (W/mk)
	In CF direction: 3.54

In transverse to CF direction : 29
	In CF direction: 2.37

In transverse to CF direction : 17


Chapter 6

CONCLUSION

Carbon nanotubes were found to be effective reinforcement for the weight structural composites when combined with the conventional reinforcements e.g. carbon fibres. Improvement in mechanical, thermal and electrical properties is observed in CNTs grown carbon fibre cloth composite over neat carbon fiber composite.

Chapter 7

FUTURE SCOPE


Multidimension and multifunctional composite using even nonconducting polymer can be made. 



Functionalisation of carbon fiber and CNTs can improve mechanical strength and modulus of the composite.


Better alignment of CNTs on different substrate can also improve various property, which could be used in different industries.


It may be possible the spinn carbon fiber from carbon nanotube which may be proved at better re-enforcing agent in composite
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* As such CF cloth was treated upto 300(C in CVD furnance in the presence of inert atmosphere.





PAGE  
1

_976678316.unknown

_1275810653.unknown

_1275810681.unknown

_1276109048.unknown

_1275810634.unknown

_976676701.unknown

_976676741.unknown

_976666058.unknown

